Corticotropin-releasing factor (CRF) is well known for its role in regulating the stress response in vertebrate species by controlling release of glucocorticoids. CRF also influences other physiological processes via two distinct CRF receptors (CRF-Rs) and is co-regulated by a CRF binding protein (CRFBP). Although CRF was first discovered in mammals, it is important for the regulation of the stress response, motor behavior, and appetite in all vertebrates. However, it is unclear how the actions of CRF, CRF-Rs, and CRFBP are coordinated. To approach this problem, we cloned and identified CRF, CRF-Rs, and CRFBP in a teleost fish model system, Astatotilapia burtoni and mapped their expression patterns in the body and brain. We found that CRF, CRFBP, and CRF-Rs gene sequences are highly conserved across vertebrates, suggesting that the CRF system plays an essential role in survival. Members of the CRF system are expressed widely in the brain, retina, gill, spleen, muscle, and kidney, thereby implicating them in a variety of bodily functions, including vision, respiration, digestion, and movement. We also found that following long-term social stress, mRNA expression of CRF in the brain and CRF type 1 receptor in the pituitary decrease whereas CRFBP in the pituitary increases via a homeostatic mechanism.
Introduction
In the course of evolution, highly conserved signaling molecules have been exploited by vertebrates to integrate stress responses, reflecting their important role(s) in survival. In particular, the hypothalamic-pituitary-adrenal/interrenal (HPA/I) axis plays a central part in the adaptive response to stress, predominantly via its role in coordinating corticotropin-releasing factor (CRF) release. CRF is a 41-amino acid peptide that stimulates the release of adrenocorticotropic hormone (ACTH) and b-endorphin from the anterior pituitary gland (Vale et al., 1981) . In addition to its well studied effects in mediating the whole body stress response, CRF influences a wide spectrum of processes in both the central nervous system and in the periphery, underscoring its role in integrating diverse physiological systems in mammals (Turnbull and Rivier, 1997; Bale and Vale, 2004) . The CRF-related family includes the other subtypes of CRF and three forms of urocortin (1, 2, and 3). Urocortin-1 is an ortholog of urotensin-1 in fish and sauvagen in amphibians (Lovejoy and Balment, 1999; Boorse et al., 2005) . The effects of CRF and CRF-like peptides are mediated via two receptor subtypes, the CRF type 1 (CRF-R1) and CRF type 2 (CRF-R2) receptors. Both receptors are expressed in a variety of locations in the brain and body where they act to maintain homeostatic balance in response to stress (Bale and Vale, 2004) .
Another regulator of CRF, corticotropin-releasing factor binding protein (CRFBP), has been shown to modulate the effects of CRF or CRF-related ligands in both the central nervous system and in peripheral tissue (Potter et al., 1992; Behan et al., 1993; Seasholtz et al., 2002; Bale and Vale, 2004; Huising et al., 2005; Westphal and Seasholtz, 2006) . CRFBP decreases cortisol release by inhibiting the effects of CRF (Behan et al., 1995; Chan et al., 2000) and regulates ACTH release by blocking CRF in the pituitary (Westphal and Seasholtz, 2006) . This effect of CRFBP on cortisol levels implies that there is a direct link between CRF and cortisol.
Teleost fish, especially cichlids, are well suited for analysis of stress and behavior because many species exhibit remarkable behavioral and neural plasticity, and complex social interactions that modify the stress axis (Krause et al., 2000; Bass and Grober, 2001; Fernald, 2003) . The African cichlid fish, Astatotilapia burtoni (A. burtoni) is a particularly well developed model system in which males display dramatic plasticity in their reproductive and stress systems in response to changes in social status (Fernald, 2003) . In the wild, A. burtoni males that lose their territories change their behavior dramatically (Fernald and Hirata, 1977b ) and rapidly exhibit an increase in circulating cortisol levels (Fox et al., 1997) . Growing evidence suggests that the CRF system acts on both HPI axis and other systems to regulate the stress response. However, it is not known whether the CRF system functions in teleosts as it does in mammals or whether it is regulated by social behavior similar to the regulation of the HPG axis.
Here we report the cloning and analysis of the regulation of CRF, CRFBP and the two CRF receptors in A. burtoni. We found the CRF family is widely expressed in peripheral tissues, as well as in the central nervous system, including the brain, pituitary gland and spinal cord. Interestingly, CRF and CRF-R1 mRNA levels are higher in the brains and pituitary of territorial A. burtoni male than in those of non-territorial males. These data suggest that the CRF system not only controls cortisol release but also maintains homeostasis under long-term social stress.
Material and methods

Animals
Astatotilapia burtoni derived from a wild-caught population were raised in aquaria under conditions matched to their native equatorial habitat in Lake Tanganyika, Africa (pH 8, 28°C). Fish were kept in a 12-h light, 12-h dark cycle that included 10 min of transitional twilight in the morning and evening. Light and dark onsets were at 8 AM and 8 PM, respectively. Two males and three females were kept in each aquarium with a terra cotta shelter for at least 5 weeks. All work was performed in compliance with the animal care and use guidelines of the Stanford University Administrative Panel on Laboratory Animal Care.
Behavioral observations and analysis
To allow identification of individuals, males were marked with colored beads attached just below the dorsal fin. Each male was observed three times per week for 3 min at the same time (5 h after light onset) for 4 weeks. Using these observations, males were classified as either territorial (T) or non-territorial (NT) males based on their reproductive activity and behavior. Territorial males are large, brightly colored, and reproductively competent. They also establish and defend territories containing a food resource used to entice females to spawn. Non-territorial males are smaller, cryptically colored, have regressed gonads, and spend their time schooling with females (Hirata and Fernald, 1975; Fernald and Hirata, 1977a,b; Fraley and Fernald, 1982) . To quantify behavioral social status, a ''dominance index" (DI = [aggressive acts + sexual acts À fleeing acts]/minutes observed) was calculated as the number of dominant acts minus the number of submissive acts that occurred during a given observation period. We also measured the relative gonad size (gonadosomatic index; GSI = [gonad mass/body mass] Â 100). To be classified as a T, a male must have had daily mean DI values greater than 2 during all observation periods and GSI values greater than 0.5 (White et al., 2002) . To be classified as an NT, a male must have had negative daily mean DI values during all observation periods and GSI values less than 0.2.
Cloning of CRF, CRFBP, and CRF receptors
Partial sequences of all CRF family members were amplified using degenerate primers on A. burtoni cDNA derived from RNA isolated from brain tissue. CRF primers were based on conserved regions of CRF from other teleosts: Carassius auratus (AF098629), Carostomus commersoni (S65264), Danio rerio (BC085458), and Oncorhynchus mykiss (AF296672). CRFBP degenerate primers were based on conserved regions of CRFBP from: Cyprinus carpio (CRFBP1-AJ490880 and CRFBP2-AJ490881), Oncorhynchus masous (CRFBP1, 2, and 3-AY898808, AY905544, and AY911309), Oncorhynchus mykiss (AY363677). CRF-R1 primers were based on conserved regions of CRF-R1 from the following species: Cyprinus carpio (AJ576244), Epinephelus coioides (AY820281), Gallus gallus (NM204321), Homo sapiens (NM004382), Rana catesbeiana (AB188110). CRF-R2 primers were based on conserved regions of CRF-R2 from the following species: of Gallus gallus (NM204454), Homo sapiens (BC096830), Oncorhynchus keta (AJ277158), Mus musculus (NM009953), Rana catesbeiana (AB188111).
Sequence information from these original clones was used to design genespecific primers for 5 0 RACE and 3 0 RACE, and subsequently to clone the fulllength cDNAs. 5 0 RACE and 3 0 RACE cDNA were prepared according to the manufacturer's instructions (SMART RACE cDNA Amplification Kit, BD Biosciences, USA) by Advantage 2 polymerase mix (BD Biosciences, USA) containing a proofreading polymerase. A. burtoni cDNAs are derived from multiple RNA extractions from two sexually mature male brains and one female brain. Specific primers based on partial A. burtoni sequences of each target gene were used in combination with the 5 0 or 3 0 universal (UPM) and nested universal (NUP) primers to amplify the end of each gene from the RACE A. burtoni brain cDNA. The full sequences of CRF, CRFBP, and CRF-Rs were cloned. The reaction products were purified, subcloned (TOPO TA cloning kit, Invitrogen), and sequenced (Sequentech, Mountain View, CA). We could not identify any other types of CRF, CRFRs or CRFBP using these techniques.
Phylogenetic analysis of CRF, CRFBP, and CRF receptors
The sequences of the A. burtoni CRF, receptors, and binding protein were aligned with those of other species (Clustal W; http://www.ch.embnet.org/software/ClustalW.html), identical amino acids were identified (Box shade; http:// www.ch.embnet.org/software/BOX_form.html), and phylogenetic analyses were performed to situate members of the A. burtoni CRF family among previously known sequences. The predicted sequences of CRF family polypeptides were aligned and a phylogenetic tree generated by MEGA3.1 (Kumar et al., 2004) . The tree was generated by neighbor-joining methods using only the coding regions of the cloned sequences. Bootstrap values were also calculated (MEGA3.1). Full species names and GenBank accession numbers for the cDNAs in Figs 
CRF, CRFBP, and two types of CRF receptors mRNA localization
To understand where CRF family genes were expressed, polymerase chain reaction (PCR) was performed on cDNA from tissues taken from adult A. burtoni (brain, pituitary gland, spinal cord, retina, gill, heart, intestine, kidney, liver, muscle, ovaries, retina, spleen, and testes) using primers specific to the CRF family members. The cornea and lens were removed from the eye and the retina extracted from its attachment to the sclera. The tissues were homogenized and RNA extracted (Rneasy; Qiagen Inc., Valencia, CA) from both males and females (n = 3). To obtain cDNA in each tissue sample, rapid amplification of 3 0 -cDNA ends was performed with total RNA (SMART cDNA synthesis; Clontech Laboratories Inc., Palo Alto, CA). Primers specific to the A. burtoni CRF were designed, 5 0 (5 0 -CCT TGA CAT GAA GCT CAA TTT ATT CGG TA-3 0 ) and 3 0 (5 0 -CCC GAA GAG CTC CAT CAT TCT TCT GT-3 0 ), which generated a 505-bp PCR product. Primers specific to the A. burtoni CRFBP were designed, 5 0 (5 0 -GCT TTC TTC ATG GCA GAG CCC AAT-3 0 ) and 3 0 (5 0 -TGT GAG TTG GTC CAG TGA AAG CGA-3 0 ), which generated a 568-bp PCR product. Primers specific to the A. burtoni CRF-R1 were designed, 5 0 (5 0 -ACA ACA CCA CCA ATC GGG TCT ACA-3 0 ) and 3 0 (5 0 -ATG CCC TGA GTT TGG TCA TCA GGA-3 0 ), which generated a 757-bp PCR product. CRF-R2 primers were designed, 5 0 (5 0 -AGG ATG CTA CCT TCA CAC AGC CAT TG-3 0 ) and 3 0 (5 0 -AGC GAA CCT CTC CGT TTA GAA AGC A-3 0 ), which generated a 488-bp PCR product. PCR was performed with a 68-60°C touchdown protocol as follows: 3-min denaturation at 95°C, followed by 16 cycles of 30-s denaturation at 95°C, 30-s annealing (68-60°C), and 15-min extension at 72°C. Each of these reactions yielded a single product as revealed by gel electrophoresis and no significantly difference between individual animals.
Negative controls were performed using the same procedure as for the experimental group without adding cDNA from any tissue and none of these reactions produced products. As a positive control, specific primers were used to amplify the housekeeping gene, actin, for quality control in each cDNA sample.
2.6. RNA extraction and PCR sample preparation for real-time PCR Total RNA was extracted from whole brain (T: n = 8; NT: n = 8), pituitaries (T: n = 12; NT: n = 12) and spinal cords (T: n = 12; NT: n = 12) following a standard protocol (RNeasy Micro Kit, Qiagen Inc., Valencia, CA). About 1.0 lg of total RNA was reverse transcribed (SuperScript II RNase H, Invitrogen, Carlsbad, CA) to cDNA in each sample. To examine whether social status influenced the gene expression patterns of the CRF family, we used real-time PCR (RT-PCR). Territorial or non-territorial status was determined as described above and animals were sacrificed by rapid cervical transection. The tissues were immediately put into lysis buffer (RNeasy Micro Kit, Qiagen Inc., Valencia, CA) and stored at À80°C after homogenization. Total RNA was extracted from samples following a standard protocol (RNeasy Micro Kit, Qiagen Inc., Valencia, CA). About 1.0 lg of total RNA was reverse transcribed (SuperScript II RNase H, Invitrogen, Carlsbad, CA) to cDNA in each sample. Primers for the CRF ligand were designed: 5 0 (5 0 -CGA ACT CTT TCC CAT CAA CGT CCA-3 0 ) and 3 0 (5 0 -AGC GCC CTG ATG TTC CCA ACT TTA-3 0 ), which generated a 121-bp PCR product. Similarly, CRFBP primers were designed, 5 0 (5 0 -ACT GAC CTC TGC ATC GCT TTC ACT-3 0 ) and 3 0 (5 0 -AAA CTT CCC ACT GGA CAC CAT CCT-3 0 ), which generated 90-bp PCR products. Primers specific to the A. burtoni CRF-R1 were also designed, 5 0 (5 0 -TTG GTG AAG GCT GTT ACC TCC ACA-3 0 ) and 3 0 (5 0 -ATG CCC TGA GTT TGG TCA TCA GGA-3 0 ), which generated a 282 bp PCR product. Finally, primers specific to the A. burtoni CRF-R2 were designed, 5 0 (5 0 -TGC CAC AAC CGA TGA GAT TGG AAC-3 0 ) and 3 0 (5 0 -CGC TCC TCG TTG TGT TGT ACT TCA C-3 0 ), which generated a 113 bp PCR product. A housekeeping gene, actin, previously cloned from A. burtoni, was used to control for sample differences in total cDNA content. Polymerase chain reactions were performed (iCycler; BioRad, Hercules, CA) and the reaction progress in 30 ll reaction volumes was monitored by fluorescence detection at 490 nm during each annealing step. Reactions contained 2Â IQ SYBR Ò Green SuperMix (Bio-Rad), 10 lM of each primer, and 1 ng cDNA (RNA equivalent). Reaction conditions were 1 min at 95°C; then 35 cycles of 30 s at 95°C, 30 s at 60°C, and 30 s at 72°C; followed by a melting curve analysis over the temperature range from 95 to 4°C. All reactions were performed in duplicate.
PCR data analysis
Fluorescence readings for each sample were baseline subtracted and suitable fluorescence thresholds were automatically measured (MyiQ TM software). To determine the number of cycles needed to reach threshold, the original fluorescence reading data were analyzed using a curve-fitting real-time PCR algorithm (Zhao and Fernald, 2005) . This algorithm calculates reaction efficiency and the fractional cycle number at threshold (CT) of RT-PCR amplify curve for more accurate computation of mRNA levels. The relative amount of mRNA were normalized using the level of a housekeeping gene, actin. All RT-PCR data before normalization were analyzed for normality and homogeneity of variance.
Statistical analysis
Data are expressed as mean ± standard errors. The data which were normally distributed with equal variance were tested statistically using a T-test. The data which were not normally distributed were tested statistically using the MannWhitney Rank Sum Test, with p < 0.05 set as the significance threshold.
Results
Cloning, sequencing, and characterization of A. burtoni CRF family
The complete coding sequences of the A. burtoni CRF family members were obtained from A. burtoni brains. The message that encodes the CRF ligand is 880 base pairs (bp) composed of a 7 bp 5 0 -untranslated region (UTR), a 504 bp open reading frame (ORF) that translates to 167 amino acids, and a 369 bp 3 0 -UTR containing the polyadenylation signal (Fig. 1A) . The CRFBP coding sequence is 963 bp, which translates to 320 amino acids (Fig. 1B) . CRF-R1 is 1293 bp long (430 amino acids; Fig. 1C ) and the CRF-R2 coding sequence is 1245 bp (414 amino acids; Fig. 1D ).
All nucleotide sequences were converted to deduced amino acid sequences (Bendtsen et al., 2004 ) and compared with sequences in both nucleotide and protein sequence databases (Altschul et al., 1990) . Comparing the amino acid sequences of A. burtoni with those from other species revealed extremely high conservation of CRF ( Fig. 2A) , CRFBP (Fig. 2B) , and CRF-Rs ( Fig. 2D and E) across vertebrates. The predicted transmembrane (TM) domain regions of the G protein coupled receptors, CRF-R1 and CRF-R2, were identified and are shown (Huising et al., 2004) . The two A. burtoni CRF receptors share similar regions close to the N-terminal, but not near the C-terminal (Fig. 2C) . As expected, the sequences of CRF family members were conserved across all vertebrates and A. burtoni fits phylogenetically with other teleosts, including tilapia and flounder (Fig. 3) .
Location of CRF, CRFBP, CRF-R1, and CRF-R2 in the periphery tissues
To localize CRF family gene expression in central and peripheral tissues, we used PCR with specific primers to amplify A. burtoni CRF, CRFBP, and CRF-Rs from cDNA derived from different tissues. CRF is expressed widely in brain (Br), retina (Re), spinal cord (SP), muscle (Mu), gill (Gi), spleen (Sp), intestine (In), liver (Li), kidney (Ki), ovaries (Ov), and heart (He; Fig. 4) . We found CRF mRNA expression in the brain, retina, kidney, intestine, liver, gill, spleen, ovaries, heart, spinal cord, and muscle. The localization of CRF indicates its influence on the digestive, reproductive, immune, and circulatory systems. CRF mRNA could not be detected in pituitary (Pit), stomach (St), or testis (Te). These data suggest that CRF could act as a local modulator in peripheral tissue, but does not exclude the possibility that CRF influences peripheral tissue via the circulatory system.
We found CRFBP gene expression in the brain, retina, and pituitary (Pit; Fig. 4) , as well as in the muscle, gill, spleen, liver, kidney, and heart. CRFBP is therefore positioned to influence the digestive, immune, and circulatory systems. CRFBP transcripts were co-expressed with CRF in brain, retina, muscle, gill, spinal cord, liver, kidney, and heart. These data suggest that CRFBP could interact with CRF, not only in the HPI axis, but also in the retina, and peripheral tissues. CRFBP mRNA could not be detected in the spinal cord, stomach, intestine, ovary, or testis.
CRF receptor types are co-expressed in the brain, retina, pituitary, gill, spleen, and kidney. CRF-R2 is also expressed in the muscle, liver, ovaries, and heart and CRF-R1 is expressed in the intestine. Interestingly, we found that CRF-R2 is wider expressed than CRF-R1 is (Fig. 4) . CRF-R1 mRNA could not be detected in the spinal cord, muscle, stomach, liver, ovaries, testis, or heart. Likewise, CRF-R2 mRNA could not be detected in the spinal cord, stomach, intestine, or testis.
The abundance of CRF family mRNA as a function of social status
To understand how mRNA abundance of CRF family members changes as a function of social status in the nervous and endocrine systems, we used RT-PCR to compare expression between individuals of different social status in the brain, pituitary and spinal cord. In the brain, we found CRF mRNA was significantly higher in territorial males than non-territorial males (t = 3.447, p = 0.004; Fig. 5A ), but that expression levels of CRFBP, CRF-R1 and CRF-R2 were not significantly different (p = 0.37, 0.18 or 0.52; data not shown). Furthermore, pituitary CRF-R1 was twice as abundant in T as in NT males (Mann-Whitney Rank Sum Test, p = 0.014; Fig. 5B ) and pituitary CRFBP was half as much in T as in NT males (Mann-Whitney Rank Sum Test, p = 0.038; Fig. 5C ). In the spinal cord, CRF transcript abundance was similar between T and NT males (p = 0.84; data not shown).
Discussion
We have identified the coding sequences of CRF, CRFBP, and two types of CRF receptors in A. burtoni and shown that the deduced amino acid sequences are highly conserved across all vertebrates. As expected, the coding sequences of A. burtoni CRF family members are closest to those from other teleost species. The widespread expression of CRF, CRFBP, and CRF receptors in the brain, pituitary gland, retina, and internal organs, indicates that the CRF system in addition to its well known role in controlling cortisol in HPA/I axis also plays a role in mediating physiological functions in various organs. We also found that long-term social stress regulates the HPI axis and that social status regulates the transcription of CRF and CRF-R1, both of which are more highly expressed in the brains and pituitaries of territorial males than in those of non-territorial males.
CRF systems are expressed in central nervous system
CRF, CRFBP, and both CRF receptor types are expressed in the brain and pituitary in A. burtoni and in the other teleosts (Olive- reau and Olivereau, 1988; Arai et al., 2001; Pepels et al., 2002; Pepels and Balm, 2004; Alderman and Bernier, 2007; Alderman et al., 2008) suggesting that CRF acts in the central nervous system along with its role in the HPI axis. The present of CRFBP and both types of CRF-Rs, not CRF mRNA in the pituitary gland implicates that the outside CRF neurons, possibly in the hypothalamus innervate the pituitary via CRF receptors and the ligands are regulated by CRFBP. On the other hand, CRF is known to play other roles in the brain, such as regulating appetite (Bernier and Peter, 2001) , aggression (Gammie and Stevenson, 2006) and locomotion (Carpenter et al., 2007) . The decreased amount of CRF in NT male brains could be also related to its behaviors, such as less aggression, less movement, and more growth than T males do (Fernald and Hirata, 1977b; Hofmann et al., 1999) , although it is reasonable to presume that parallel functions are served by the CRF system in fish, which our whole brain data do not provide this level of detail.
Although the CRF protein has been immunocytochemically detected in the retina of mammals, birds, reptiles and teleosts (Skofitsch and Jacobowitz, 1984; Kiyama et al., 1985; Sakanaka et al., 1987; Williamson and Eldred, 1989; Zhang and Yeh, 1990) , we present the first evidence that CRF, CRFBP, and the two types of CRF receptors are transcribed directly in a teleost retina. These data suggest that the local CRF system may play a role in modulating visual processing in retina.
We detected CRF mRNA in A. burtoni spinal cord suggesting the existence of the caudal neurosecretory system (CNSS), a unique fish neuroendocrine organ in the most caudal spinal cord which is known to control release of cortisol from the interrenal glands (Lovejoy and Balment, 1999; Winter et al., 2000; Lu et al., 2004; Craig et al., 2005) . However, we did not find any difference in spinal cord CRF expressing levels between T and NT males, suggesting that this part of the CRF system may not be involved in regulating stress responses under long-term social stress. 
CRF systems are expressed in the peripheral tissues
We found CRF, CRFBP, and CRF-R transcripts in multiple organs as has also been reported in mammals, amphibians, and teleosts (De Souza et al., 1991; Baigent and Lowry, 2000; Muramatsu et al., 2000; Kimura et al., 2002; Denver, 2004, 2006; Huising et al., 2007) . Since urocortin, a CRF-related peptide, can interact with CRF-R2 to protect the heart from ischemia in rats and humans (Baigent and Lowry, 2000; Kimura et al., 2002) , it is particularly interesting that we also found CRF, CRFBP, and CRF-R2 mRNA expressed in skeletal muscle and cardiac muscle in the teleost. This suggests that the cardiac CRF system may mediate the adaptive response of the heart to stress in all vertebrates, from teleosts to mammals (Coste et al., 2002) . CRFBP has been found to play a role in other muscles such as tail muscle cells during spontaneous metamorphosis where increased CRFBP expression increases the loss of cells (Seasholtz et al., 2002; . Although the function of the CRF system in teleost skeletal muscle is still unclear, our findings point that in skeletal muscle CRF could be a local modulator regulated by CRFBP via CRF-R2. CRF, CRFBP and both CRF-Rs are also expressed in gills which play a key role in oxygen exchange and are altered by the stress response in fish . Increased CRF and CRF-R1 mRNA expression in gill tissue in response to physical stress may contribute to increases in ventilation rate and the oxygen transport capacity of the blood (Wendelaar Bonga, 1997; Mazon et al., 2006) .
Endogenously produced CRF exerts its effects through CRF-R1 or CRF-R2 in an autocrine or paracrine manner in the spleen, intestine, liver, kidney, and ovary of A. burtoni. As in mammals, the expression of both CRF-Rs in the spleen and the present of CRFBP and CRF-R2 in the liver provide additional evidence for a physiological role of CRF in coordinating the stress response, immune system, and energy homeostatic system (De Souza et al., 1991; Baigent and Lowry, 2000) . The CRF system, especially CRF and CRF-R1, in the gastrointestinal tract locally influences intestinal mobility (Sehringer et al., 2004; Tache and Perdue, 2004) , while the CRF system expressed in the kidney may be involved in metabolic function or cortisol regulation via the glucocorticoid-secreting interrenal cells (Wendelaar Bonga, 1997; Huising et al., 2007) . CRF also plays a role in suppressing reproduction and is involved in follicle maturation in the mammalian ovary (Nappi and Rivest, 1995; Asakura et al., 1997) , which is consistent with our finding that the local CRF and CRF-R2 mRNA is expressed in the ovaries. Taken together, our data show that the molecular conservation of the CRF family is likely reflected in conserved functions based on its distribution in A. burtoni.
CRF systems are regulated by social stress
During short-term physical stress, CRF mRNA and CRF-R1 mRNA levels increase in the mammalian hypothalamus or pituitary (Imaki et al., 1998; Qahwash et al., 2002; Doyon et al., 2005) . In the teleost, CRF and CRFBP expression also increase in the hypothalamus, but CRF-R1 expression decreases in the pituitary during acute stress (Huising et al., 2004) . Our study shows that after 1 month of social stress, the CRF system in both brain and pituitary is down-regulated. CRF mRNA and CRF-R1 mRNA both decrease in the brain and pituitary, respectively, and CRFBP mRNA, which could block CRF effect in the pituitary decreases in NT males. Fox et al. (1997) showed that NT males have high levels of circuiting cortisol over 1 month. We hypothesize that NT males experience more stress because they are constantly attacked and , and CRF-R1 and CRF-R2 peptides (C) including various vertebrate species. The predicted sequences of those polypeptides were aligned and a phylogenetic tree generated using neighbor-joining methods based on the coding regions. Bootstrap values estimate the evolutionary distance between the species and are shown at each branch point. Fig. 4 . Distribution of the CRF, CRFBP, CRF-R1, CRF-R2 transcripts in A. burtoni tissue as shown by PCR. Semi-quantitative gel analysis was performed on representative PCR products of cDNA which was isolated and reverse transcribed from tissues, including brain (Br), retina (Re), pituitary (Pit), spinal cord (SC), muscle (Mu), gill (Gi), spleen (Sp), stomach (St), intestine (In), liver (Li), kidney (Ki), ovaries (Ov), testis (Te), and heart (He). Control (Ctr) column is the PCR without tissue cDNA. The upper rows are the PCR products of specific primers for A. burtoni CRF, CRFBP, CRF-R1, and CRF-R2. The lowest row is the actin PCR product, which is the positive control. Approximately equal amounts of cDNA were added to each PCR. chased by T males. The high cortisol level can decrease CRF mRNA in the hypothalamus and CRF-R1 mRNA in the pituitary (Imaki et al., 1995; Pozzoli et al., 1996; Bernier et al., 1999; Doyon et al., 2006) , and CRF simulation can increase CRF-R1 mRNA in the pituitary (Pozzoli et al., 1996) . The less active CRF system in brain-pituitary-interrenal axis during long-term stress reflects a homeostatic balance, rather than a rapid stress regulation. In sum, long-term social stress decreases CRF system activation in the brain and pituitary, thereby preventing cortisol from overshooting its target value and maintain the cortisol level stable. 
